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\- ' . .'y Title of the Invention 

CIRCUIT TAPE HAVING ADHESIVE FILM, SEMICONDUCTOR DEVICE, AND A METHOD 
FOR MANUFACTURING THE SAME 

This application Is a Continuation application of application Serial No. 
09/493,208, filed January 28, 2Q 00, which is. a Divisional application of 
application Serial No. 08/857,674, filed May 16, 1997 • • ' 

5 

Background of the Invention 

The present invention relates to a circuit tape, a 
semiconductor device^ and a method of manufacturing the 
same, which are superior in electrical characteristics, 
10 mounting reliability^ and assembling easiness, ^nd are 

responsive to the requirements for high density mounting, 
multipins mounting, and fast transmittance. 

Currently, in the continuing effort to improve 
electronic devices to provide high performance, the demand 
15 for high integration and high density mounting of 

semiconductor elements has become strong* Therefore, 
semiconductor elements have been improved to achieve high 
integration and high performance, such as in LSI, VLSI, and 
ULSr devices, and there has been increase in the capacity, 
the number of pins, the speed, and power consumption 
thereof. In responding to such advances, the package 
structure of the semiconductor device for multipins has been 
changed from a structure, in which connecting terminals are 
provided at two sides of the semiconductor element, to an 
advanced structure, in which the connecting terminals are 
provided at all four sides of the semiconductor element . 
Furthermore, in order to respond to increasing the number of 
pins, a grid array structiite has come to be used in 
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practice. The grid array structure is a structure of a 
.e».ico„ductor element, in which the connecting terminals are 
provided in a grid array over the entire counting surface of 
the se^niconductor element by using a :nultilayer carrier 
substrate. The grid .rray structure includes a ball grid 
array structure (BGA) , which has a shortened connecting 
ter^^inal length in order to make fast signal transmission 
possible. The ball type structure of the connecting . 
terminal increases the width of its conductor; therefore, 
the ball structure is also effective in decreasing 
inductance. Currently, in order to respond to the 
requirement for fast signal transmission, organic materials 
haying a relatively low dielectric constant have been 
investigated for use in the multilayer carrier substrate. 
However, the organic materials have generally a larger 
thermal expansion coefficient than the semiconductor 
element, and so thermal stress generated by the difference 
in thermal expansion becomes a problem from the point of 
view Of connection reliability, and so on. Recently, a 
structure which does not use a carrier substrate has been • 
proposed for the BGA package. 

More particularly, a new semiconductor element package 
structure has been disclosed (us Patent 5,148,265), in which 
the connection reliability is improved by using an elastomer 
material having a low modulus of elasticity for reducing the 
thermal stress generated by the difference in thermal 
expansion between the semiconductor element and the mounting 
substrate. The proposed package structure uses a circuit 
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tape composed of a polyimlde and the like, instead of a 
carrier substrate, for electrically connecting the 
semiconductor *.le«,ent and the mounting . substrate. 
Therefore, the electrical connections between the 
semiconductor element and the circuit tape are effected by a 
wire bonding method or a bonding connection with leads, and 
the circuit tape and the mounting substrate are electrically 
connected by soldering ball terminals. As the elastomer 
material of the prior art, a silicone material is generally 
^ised since this is a material having a low modulus of 
elasticity and a superior heat resistance. As a general 
method for forming a stress buffer layer with a silicone 
material, the steps of printing an uncured liquid resin on 
the circuit tape using masks, and subsequently, curing the 
printed resin, are generally used. However, the above 
method has problems, such as a difficulty in maintaining the 
flatness Of the buffer layer obtained by the printing, and 
the complexity of the printing process, which requires a 
long time for the printing, is disadvantageous. 
Accordingly, the above method is not suitable for a 
mass-production process, and so the problems which 
undesirably affect the assembling yield and reliability of 
mounting caused by the difficulty i„ maintaining the 
flatness of the buffer layer are yet to be solved. 
Summary of the Invention 

one Of the objects of the present invention is to 
provide a method of obtaining a stress buffer layer which is 
superior in flatness by using a film material as the 
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elastomer material for reducing the thermal stress in the 
semiconductor devices, thereby obtaining semiconductor 
devices Which arre superior in mass productivity. 

in order to realise the above object, the present 
invention provides the following measures. 

The measures can be achieved by providing a 
Bemiconductor device comprising a circuit tape having a 
pattern layer connected electrically to a semiconductor 
element, an external terminal provided on the circuit tape 
for electrically connecting the circuit tape to a mounting 
substrate, and filn. material for causing the circuit tape to 
adhere to the semiconductor element while maintaining an 
Insulation condition between the circuit tape and the 
semiconductor element, wherein the film material for 
effecting the adhering has a physical property such that the 
modulus of elasticity of the film material in the 
temperature range of a solder reflow condition for mounting 
(200 - 250-C) is at least 1 MPa. 

The above film material for effecting the adhering is 
passed through a process for forming an ejctemal terminal, 
such as a solder ball and the like, for connecting the 
mounting substrate .nd the circuit tape, or a solder reflow 
process for mounting the semiconductor element of the 
present invention onto a mounting substrate in the 
manufacturing process of the semiconductor devices. The 
reflow temperature is generally a high temperature in the 
range of 200 - 250=0. Therefore, if the semiconductor 
device contains moisture, the moisture evaporates during the 
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heat treatment, and the fiin, material swells due to the 
vapor pressure of the moisture. When the swelling exceeds a 
threshold value, a foaming phenoinenon is generated, and 
defects, such as void formation, delamination, and the like, 
are generated. Therefore, the film material to be used is 
required to have as low a moisture absorption rate as 
possible and a high modulus of elasticity in the range of 
the reflow temperature. in accordance with the present 
invention, various film materials have been studied, and it 
was found that the adhesive materials having a modulus of 
elasticity i„ the temperature range of a reflow process of 
at least 1 MPa had superior reflow characteristics. Several 
examples of the temperature dependence of the modulus of 
elasticity of the material are shown in Pig. i. 

Furthermore, it was found that when materials, of which 
the modulus of elasticity in the temperature range of the 
mounting reflow condition was maintained at least at i MPa, 
were used, a preferable result in the anti-reflow 
characteristics could be obtained. The amount of swelling 
depends on the ratio of the vapor pressure and the modulus 
of elasticity, and the higher the modulus of elasticity is, 
the less will be the amount of swelling. The foaming 
phenomenon is generated when the amount of swelling exceeds 
the break elongation, one of the mechanical properties of 
the material. Furthermore, the modulus of elasticity 
correlates with the mechanical strength of the adhesive film 
material, and generally, the higher the modulus of 
elasticity is, the greater will be the tendency to increase 
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the break stress and break elongation. Therefore, by using 
a n.aterial having a nigh modulus of elasticity in the range 
of the reflow teinperature, the reflow characteristics can be 
improved as to both the swelling amount and the mechanical 
Characteristics. m the above- case, the adhesive fii„, 
material may be either a thermosetting resin or a 
thermoplastic resin. 

The adhesive layer is sometimes composed of either 
sticky adhesive agents or sticky-cohesive adhesive agents, 
in addition to the adhesive agents made of the above 
material. In order to maintain the modulus of elasticity at 
least at i MPa in the teinperature range of the reflow 
process, the thermoplastic resin preferably has a glass 
transition temperature, i.e. a changing point of modulus of 
elasticity, which Is higher then the temperature range 
(200 > 250-C, Of the reflow process. The thermosetting 
resin is required to have a chemical or physical 
crosslinking structure to a certain degree at a temperature 
in the rubber region, which is higher than the glass 
transition temperature. That is, the modulus of elasticity 
in the rubber region is generally proportional to the 
crosslinking density, and the crosslinking density must be 
increased in order to increase the modulus of elasticity. 
The film material is desirably composed of a resin having a 
low modulus Of elasticity which is at the utmost 4000 MPa at 
room temperature, in order to operate as a stress buffer 
layer- 

As one of characteristics of a film material, the 
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coefficient of moisture absorption at 85'c/85% RH for 168 
hours is desirably, at the utmost, 3% in view of the reflow 
characteristics. As the film material, materials having a 
low modulus of elasticity, except for a silicone material, 
5 can be used. The structure of the film material is not 

restricted to a homogeneous structure composed of an 
adhesive agent component, but also, for instance, a three 
layer structure having adhesive layers at both surfaces of a 
supporter, respectively, or a structure in which the 
10 adhesive agent is impregnated into a porous supporter, can 

be used. As shapes of the film, various shapes manufactured 
by stamping, a mesh-like shape, and the liJce can be used. 
The mesh-like shape is effective in improving the 
anti-reflow property at the moisture absorbing time, because 
15 the adhesion area can be decreased. 

In the case of a multilayer structure represented by a 
three layer structure, the supporter and the adhesive layer 
can. be composed of a combination of at least two kinds of 
the above adhesive agents, the sticky adhesive agents, the 
sticky-cohesive adhesive agents, and the like. The adhesive 
layer is located at egch of both of the surfaces of the 
supporter, and each adhesive layer can be formed of a 
different kind of material from the other. For instance, a 
combination is usable in which a thermosetting resin having 
a high fluidity is used in order to flatten or eliminate the 
unevenness of the pattern layer of the circuit tape side, 
and a thermoplastic resin, which can be adhered in a short 
time at a high temperature, is used at the opposite flat 
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portion for adhering to the semiconductor element. 

A set of schematic illustrations indicating a flow of a 
general fabrication process for the manufacture of 
semiconductor devices^ according to the present invention, 
5 is shown in Fig- 2. 

The process can be divided into three representative 
sections- The first one^ including STEPS 1-5 (Fig. 2a), is 
a method for fabricating a semiconductor element comprising 
(1) the step 1 of applying an adhesive film to the tape 
0 having a pattern layer ^ (2) the step 2 of adhering the tape 

having a pattern layer to the semiconductor element by means 
of the adhesive film while maintaining an insulating 
condition therebetween, (3) the step 3 of electrically 
connecting the pattern layer formed on the tape and the pad 
5 on the semiconductor element, (4) the step 4 of sealing the 

electrically connected portion with an insulating agent, and 
(5) the step 5 of forming an external terminal on the tape 
for connection to the mounting substrate. 

The above method is effective in improving the 
) processability, because the circuit tape and the film 

material can be handled in the manner of a reel to reel 
process, as will be explained later . 

The second one, including STEPS 6-10, (FIG. 2b), is a 
method for fabricating a semiconductor element comprising 
(1) the step 6 of applying an adhesive film to the 
semiconductor element, (2} the step 7 of adhering the tape 
having a pattern layer to the semiconductor element by means 
of the adhesive film while maintaining an insulating 
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condition therebetween, (3) the step 8 of electrically 
connecting the pattern layer formed on the tape and the pad 
on the semiconductor element, (4) the step 9 of sealing the 
electrically connected portion with an insulating agent, and 
(S) the step 10 Of forming an external terminal on the tape 
for connection to the mounting substrate. 

The above method is effective in improving the 
production yield of the semiconductor element itself, m 
accordance with the method, the stress buffer layer can be 
formed on the semiconductor element at the wafer stage 
condition. 

The third one, including STEPS 11-14, (Fig. 2c), is a 
method of fabricating a semiconductor^''^*l^n€) comprising (l) 
the step 11 of setting the tape having the pattern layer in 
registration and adhering the tape to the semiconductor 
element using the adhesive film simultaneously with 
maintaining an insulating condition therebetween, (2) the 
step 12 of electrically connecting the pattern layer formed 
on the tape and the pad on the semiconductor element, (3) 
the step 13 Of sealing the electrically connected portion 
with an insulating agent, and (4) the step 14 of forming an 
external terminal on the tape for connection to the mounting 
substrate. 

The above method is effective in shortening the 
manufacturing time, because the number of steps in the 
process can be decreased. 

These methods essentially comprise the following steps. 
The adhesive film material of the present invention is 
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provided between the tape material having the pattern layer 
and the semiconductor element by adopting a certain method, 
and the tape material and the semiconductor element are 
bonded together simultaneously or sequentially under 
conditions of designated temperature, pressure, and time. 
Subsequently, the pattern layer on the tape is electrically 
connected to the connecting pad of the semiconductor 
element. As examples of a connecting method using a 
connecting lead previously formed on the circuit tape as a 
circuit for connection with the semiconductor element, any 
one of a single point bonding method, a gang bonding method, 
and the like can be used. 

As another example of a method for connection, a method 
in vrhich the pattern layer and the semiconductor element are 
15 connected with wire bonding can be adopted. 

Then, the connecting portion is encapsulated with an 
insulating material, and finally the external terminals, 
which are electrically connected with the mounting 
substrate, are formed on the circuit tape. As an external 
terminal, a solder ball is generally used, and most of the 
solder ball is formed by plating. Metals which may be used 
for the plating are gold, nickel, copper, solder, and the 
like , 

In order to improve the mass productivity in the 
manufacturing process, the process for integrating the 
adhesive film material with the circuit tape previously as 
shown in Fig. 2a is important. 

As a general method for the above process, a method 
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comprising the steps of transferring the tape, whereon the 
pattern is formed, by a long reel apparatus, stamping out 
the adhesive film into a designated shape, and adhering the 
adhesive film of the designated shape onto the circuit tape, 
as shown in Fig. 3, is effective for mass production, when 
the adhesive film is made of a thermosetting resin, the 
adhesive film can be made to adhere to the circuit tape 
while in an uncured A stage or a half-cured B stage. The 
resin is then further cured to a condition of a final-cured 
C stage during the step of adhering the obtained circuit 
tape, to which the adhesive film is attached, to the 
semiconductor element, otherwise, if the adhesive agent 
reaches the condition of the final cured C stage during the 
time that the adhesive film is adhered to the circuit tape, 
15 sometimes, an adhesive layer is newly formed on the cured 

film portion. 

As a method for forming the adhesive layer, an 
application method, a film adhering method, and the like are 
generally used. The adhesive component is desirably not 
sticky at room temperature, but if sticky, a mold releasing 
paper and the like is used. 

Fig. 4 shows an example of the composition of a circuit 
tape to which an adhesive film is attached. The circuit 
tape can be adhered to the semiconductor element, if a 
thermosetting resin is used for the adhesive layer at the 
circuit tape side and a thermoplastic resin is used for the 
adhesive layer at the side adhered to the semiconductor, the 
circuit tape having the adhesive ability shown in Fig. 4 can 
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be provided readily. 

When Hhe adhesive layer is composed of a -thenaoplastic, 
sticky, or cohesive material, the conditions for the two 
steps to adhere to the circuit tape and to the semiconductor 
5 element can be set as quite the same with respect to each 

other. As opposed to the case of a thermosetting resin, the 
curing reaction does not need to be controlled at the 
intermediate stages, and so a manufacturing process superior 
in workability can be provided. 

10 When the adhesive layer is composed of a sticky or 

cohesive material, the material is advantageous from the 
point of view of avoiding warpage of the semiconductor 
element r because the material can be adhered at room 
temperature. When the adhesive film is initially combined 

15 with the circuit tape, the semiconductor element is easily 

registered at the time of adhering to the circuit tape* 
Accordingly, the jigs of the adhering apparatus can be 
simplified, and the method becomes advantageous for mass 
production . 

20 with the semiconductor device relating to the present 

invention, the unevenness of the pattern circuit on the 
circuit tape is sometimes eliminated by filling spaces with 
the adhesive layer of the film. In this case, the 
suitability of the adhesive layer for the filling can be 

25 confirmed dt the step of combining the circuit tape and the 

semiconductor element/ Therefore, an unsuitable adhesive 
layer can be eliminated before joining the circuit tape to 
the sexni conductor eleiqent, a loss of the semiconductor can 
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be avoided, and an advantageous increase in the production 
yield can be attained . 

Typical examples of a thermosetting resin and a 
thermoplastic resin for the adhesive component of the film 
5 materials are as follows: epoxy resin, polyimide resin, 

polyamide resin, cyanate resin, isocyanate resin, 
fluorine-containing resin, silicon-containing resin, 
urethane resin, acrylate resin, styrene resin, maleimide 
resin, phenolic resin, unsaturated polyester resin, diallyl 
10 phthalate resin, cyanamide resin, polybutadiene resin, 

polyamideimide resin, polyether resin, polysulfone resin, 
polyester resin, polyolefine resin, polystyrene resin, 
polyvinyl chloride, transpolyisoprene resin, polyacetal 
resin, polycarbonate resin, polyphenylene ether resin, 
15 polyphenylene sulfide resin, polyacrylate resin, polyether 

imide resin, polyether sulfone resin, polyether ketone 
resin, liquid crystalline polyester resin, polyallylether 
nitrile resin, polybenzoimidazole resin, various kinds of 
polymer blend, and polymer alloys, and the like. 
20 The above examples of a thermosetting resin and a 

thermoplastic resin involve materials having an adhesiveness 
resulting from melting or softening of the material by 
heating. On the contrary, the sticky or cohesive materials 
are materials having an adhesiveness produced by 
25 pressurizing. 

Typical examples of the sticky and cohesive materials 
are as follows: various rubber groups, such as the silicone 
group, the butadiene group and the isoprene group, aery late 
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groups, polyvinyl ether groups, and the like. The cohesive 
material includes a room temperature curing type, a type 
cured by heat, ultraviolet ray irradiation, electron beam 
irradiation, and the like, a type cured by concurrent use of 
an accelerator, and the like. The room temperature curing 
type includes a moisture-reactive type which reacts in the 
presence of moisture in the atmosphere, a photo-reactive 
type which contains a photo-initiator, and an anti-oxygen 
material which contains peroxide, and the like. The 
thermosetting resin generally includes a crosslinking agent, 
such as thiurum groups, phenol groups, isocyanate groups, 
and the like, and adhesive components are cross linked 
three-dimensionally to form the adhesive layer at a 
designated temperature. 

material of the type cured by ultraviolet ray 
irradiation, or electron beam irradiation, contains various 
photo- initiators- The material of the type cured by 
concurrent use of an accelerator includes a solution 
containing a reaction accelerator and a crosslinking agent, 
2 0 which are applied onto the surface of the sticky layer, 

wherein the adhesive layer is finally formed by mixing the 
above two agents with a contact pressure and reacting the 
two agents sequentially. For the cohesive agent of the 
present invention, a therinosetting resin is relatively 
preferable. Using a thermosetting resin, a semiconductor 
device, which is superior in mass productivity and 
reliability, can be provided by the method comprising the 
steps of registering the circuit tape and the semiconductor 
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element at room temperature, bringing the wiring tape and 
the semiconductor element into contact to form a set, and 
elevating the temperature of a plurality of such sets to a 
designated degree simultaneously in a container, such as a 
constant temperature bath, for producing a curing reaction 
to ensure the adhesive strength. 

The modulus of elasticity of the adhesive film material 
is preferably high at a high temperature . region in view of 
the ref low characteristics, but as low as possible at room 
temperature. In this regard, the semiconductor element and 
the mounting substrate generally have different thermal 
expansion coefficients from each other, and a thermal stress 
is generated, when the mounting is performed, at the 
external terminal, which is composed of a solder ball and 
the liHe. Then, the reliability of the connection becomes 
remarkably important. 

If the modulus of elasticity of the adhesive film 
existing between the semiconductor element and the mounting 
substrate is low, the region of the adhesive layer becomes a 
stress buffer layer, and this is advantageous from the point 
of view of the connection reliability. The modulus of 
elasticity at room temperature is desirably, at the utmost, 
4000 MPa. More preferably, the modulus of elasticity in the 
entire range of the heat cycling test (-55°c - iso^C) is, at 
the utmost, 2000 MPa. As a material which has a high 
modulus of elasticity at a high temperature and a relatively 
low elastic modulus in a range of a low temperature 
including room temperature, sometimes silicone group 
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materials are used. A film material comprising a silicone 
group material is one of the significantly important 
materials of the present invention. 

However, film materials, other than the silicone group 
5 material having the above characteristics, are advantageous 

in comparison with the silicone group material. That is, 
because of the weak cohesive energy of silicon, cyclic low 
molecular weight silicone group compounds are gradually 
decomposed thermally during a long heat treatment, such as 
10 during storing at a high temperature (for instance, at least 

XSO'C) , and this sometimes becomes a cause of contamination 
to the environment. 

The composition of the film material of the present 
invention is not only a homogeneous structure composed of 
15 the adhesive agent components, but also may be a three layer 

structure, such as a supporter having adhesive agent layers 
at both surfaces for instance, and a structure in which the 
adhesive agent is impregnated into a porous supporter. As 
the supporter of the film material, films or a porous 
20 material made of polyimide, epoxy, polyethylene 

terephthalate, cellurose, acetate, fluorine-containing 
polymer, and the like can be used. 

As the shape of the film, the various shapes obtainable 
by stamping out, a mesh-like shape, and the like can be 
used. The mesh-like shape is effective in improving the 
anti-reflow properly at the moisture absorbing time, because 
the adhesion area can be decreased. The three layer 
structure can be controlled to an arbitrary thickness and as 
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to the kind of the adliesive layer provided at both the 
surfaces of the supporter, and the fluidity of the adhesive 
layer at the time of adhesioh can be readily controlled. 
Furthermore, the presence of an insulating layer is ensured 
5 by the supporter located between the adhesive layers. 

The value of vapor pressure of the adhesive material by 
moisture absorption at the tim« of ref low can be maintained 
at a low value by using the material, of which the film 
material has a coefficient of moisture absorption at 
10 85''C/S5% BH of, at the utmost, 3%, and so preferable reflow • 

characteristics can be obtained . 

The tape having a pattern layer is generally composed 
of a flexible circuit substrate. That is, a polyimide group 
material serving as the insulating layer, an epoxy group 
15 material, a polyimide group material, a phenolic group 

material, a polyamide group material, and the like are used 
as the adhesive layer with the conductor. Generally, copper 
is used as the conductor. As the wiring circuit, the copper 
is sometimes coated with nickel, gold plating, and the like. 
As the flexible circuit substrate, a material, which does 
not use the adhesive layer with the conductor, but uses a 
copper layer formed directly onto the polyimide insulating 
layer, is sometimes used. 

The tape having a pattern layer is sometimes composed 
of a multilayer wiring structure. In this case, a voltage - 
layer, a ground layer, and so on in addition to the signal 
layer can be formed in the circuit tape, and so a 
semiconductor device which is superior in electric 
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characteristics can be provided- 

Two typical arrangements of the pad terminal oh the 
semiconductor "element for electrically connecting the tape 
material having the pattern layer with the semiconductor 
5 element are as follows, 

The one is a peripheral pad arrangement as shown in 
Fig. 5. In this case, there are different types of 
structure for the arrangement of the external terminal of 
the semiconductor device, as shown in Figs. 6-1, 6-2, 6-3, 
10 That is, the case wherein the external terminals are located 

under the semiconductor element (Pan In type, Fig. 6 
1) r "the case wherein the external terminals are located 
outside the semiconductor element (Fan Out type. Fig. 6-2), 
and the case wherein the external terminals are located at 
15 both under and outside the semiconductor element (Fan In/Out 

type. Fig- 6-3) can be used. 

Another example of the pad arrangement is the central 
arrangement shown in Fig. 7. In this case, the 
semiconductor device is composed of the structure shown in 
20 Fig. 8. 

In accordance with the present invention, the 
semiconductor element is a device wherein IC, LSI, and the 
like, such as memories, logic devices, gate arrays, 
customs, power transistors, and the like, are formed on a 
25 wafer comprising semiconductor materials such as Si, GaAs, 

and the like, and the device has terminals for connecting to 
a lead, bump, and the like. 

In accordance with the present invention, the 
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semiconductor device comprising a tape having, a pattern 
layer is used as an interconnection between the 
semiconductor element and the mounting substrate, which is 
superior in anti-refaow characteristics and connection 
reliability, may be provided by using a film material having 
a modulus of elasticity of at least l MPa in the ref low 
temperature region (200 - asCc) , which is a high 
temperature region, as the adhesive material while 
maintaining the insulation between the circuit tape and the 
semiconductor element. By using such a film material, a 
manufacturing method which is superior in mass productivity 
to the conventional printing methods can be provided. 
Brief Description of the Drawings 

These and other objects, features and advantages of the 
present invention will be understood more clearly from the 
following detailed description with reference to the 
accompanying drawings, wherein: 

Fig. 1 is a graph indicating temperature dependency of 
the modulus of elasticity of materials? 

Figs. 2a, 2b, and 2c are schematic illustrations 
indicating the manufacturing process of the semiconductor 
device of the present invention, wherein Fig. 2a shows a 
method wherein the film is adhered previously to the circuit 
tape. Fig. 2b shows a method wherein the film is adhered 
previously to the semiconductor element, and Fig. 2c shows a 
method wherein the circuit tape and the semiconductor 
element are adhered together simultaneously via the film,- 

Fig. 3 is a schematic diagram indicating the continuous 
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process for adhering the film using a long reel; 

Fig. 4 is a schematic diagraio showing a cross section 
indicating the composition of a circuit tape having a film 
with an adhesive agent layer; 

Fig. 5 is a schematic diagram of a semiconductor 
element having peripheral pads; 

Figs. 6-1, 6-2, 6-3 are schematic cross sections 
showing the structure of semiconductor devices using the 
semiconductor elements having the peripheral pads? 

Fig. 7 is a schematic diagram showing a semiconductor 
element having pads located at the center of the element; 
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and 



Pig. 8 is a schematic cross section showing the 
structure of a semiconductor device using a semiconductor 
element having pads located at the center of the element. 
Description of the Preferred Embodiments 
(Embodiment 1) 

An epoxy group adhesive film (made by Hitachi Chemical 
Co., Ltd., AS 3000, 50 Mm thick) was registered, placed, and 
adhered between a semiconductor element and circuit tape at 
170 for one minute with a pressure of 50 kgf/cmS and was 
then post-cured at ISQ-C for 60 minutes in a constant 
temperature bath. Subsequently, connecting leads on the 
circuit tape were electrically connected to pads of the 
semiconductor element by single point bonding. The 
connecting portion was encapsulated with an epoxy 
encapsulant (made by Hitachi Chemical Co., Ltd., RC021C) . 
Finally, the semiconductor device shown in Fig. 6-1 was 



20 

PAGE 21M0*RCVDAT2/8I2007 12:03:51 PM [Eastern Standard Tiine]*SVR:USPTa 



02/09/2007 13:05 FAX 7033126666 @022/040 



obtained by fixing the solder balls, which were connecting 
terminals with the mounting substrate, onto the circuit 
tape. 

After absorbing moisture in a constant temperature bath 
at 85"C/85% RH for 168 hours, the obtained semiconductor 
device was set in an infrared reflow apparatus with a 
maximum temperature of 245"C, and it was confirmed whether 
the semiconductor device exhibited defects, such as 
delamination and voids by foaming the adhesive layer. 
Furthermore, the connection reliability between the lead of 
the semiconductor device and the solder bump was confirmed. 
In this case, a woven glass^-epoxy copper clad laminate FR-4 
(made by Hitachi Chemical Co., Ltd., MCI-E-S?) was used as 
the mounting substrate. The reliability was evaluated by 
performing a thermal cycling test (-SS'^C- -isC'c, 1000 
times) - 
(Embodiment 2) 

A film material having a three layer structure was 
obtained by applying an adhesive agent, (made by Hitachi 
Chemical Co. Ltd., DF335) , composed of a die bonding film 
material, onto both surfaces of a polyimide film (made by 
Ube Kosan Co», Ltd., SGA, 50 m thick) to a thic)cness of 50 
fxm. The obtained film material was registered and adhered 
to circuit tape at I70*c for five seconds with a pressure of 
30 kgf/cm^. Under the above conditions, the unadhered 
adhesive layer exhibited a sufficient adhesive force to 
adhere to the semiconductor element. The circuit tape 
attached with the film material was adhered to the 
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semiconductor element at 200*'C for one ntinute with a 
pressure of 30 kgf/cm^, and was then post-cured at 200*C for 
60 minutes in a constant temperature bath, subsequently, 
connecting leads on the circuit tape were electrically 
5 connected to pads of the semiconductor element by gang 

bonding. The connecting portion was encapsulated with an 
epoxy encapsulant (made by Hitachi Chemical Co., Ltd., 
RC02 3.C) . Finally, the semiconductor device shown in Fig. 
6-2 was obtained by fixing the solder balls, which served as 
10 connecting terminals with the mounting substrate, onto the 

circuit tape« 

The reflow characteristics and connection reliability 
of the lead and the solder bump of the obtained ' 
semiconductor device were confirmed by the same method as 
15 the embodiment 1. 

(Embodiment 3} 

A low elastic adhesive film composed of an epoxy resin 
and acrylic rubber (made by Hitachi Chemical Co. Ltd., trial 
product, 150 fim thick) was registered, placed, and adhered 

20 between the semiconductor element and the circuit tape at 

XBO*c for 30 seconds with a pressure of 100 )cgf/cm^, and was 
then post-cured at 180**C for 60 minutes in a constant 
temperature bath. Subsequently, connecting leads on the 
circuit tape were electrically connected to pads of the 

25 semiconductor element by wire bonding. The connecting 

portion was encapsulated with a silicone encapsulant (made 
by Toshiba Silicone Co., Ltd., TSJ 3150). Finally, the 
semiconductor device shown in Pig. 6-3 was obtained by 
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fixing the solder balls, which served as connecting 
terirtinals with the mounting substrate, onto the circuit 
tape. 

The reflow characteristics and connection reliability 
5 Of the lead and the solder bump of the obtained 

semiconductor device were confirmed by the same method as 
the embodiment X . 
(Embodiment 4) 

A film material having a three layer structure was 

10 obtained by adhering a low elastic adhesive film composed of 

epoxy resin and acrylic rubber (made by Hitachi chemical Co- 
Ltd., trial product, 50 im thick) to both surfaces of a 
woven glass-epoxy resin laminate (obtained by eliminating a 
copper cladding by etching from both surfaces of MCL'-E-GTQ 

15 made by Hitachi Chemical Co., Ltd.)* The film material was 

registered, placed, and adhered between the semiconductor 
element and the circuit tape at 200''C for 20 seconds with a 
pressure of 80 kgf/cm^, and was then post-cured at ISO'C for 
60 minutes in a constant temperature bath. Subsequently, 

20 connecting leads on the circuit tape were electrically 

connected to pads of the semiconductor element by single 
point bonding • The connecting portion was encapsulated with 
a silicone encapsulant (made by Toshiba Silicone Co,, Ltd., 
TSJ 3153). Finally, the semiconductor- device shown in Fig, 

25 8 was obtained by fixing the solder balls, which serve as 

connecting terminals with the mounting substrate, onto the 
circuit tape. 

The reflow characteristics and connection reliability 
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Of the lead and the solder bump of the obtained 
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semiconductor device were confirmed by the same method as 
the embodiment 1, 
(Embodiment 5) 

h LOC (Lead on chip) Film (made by Hitachi Chemical Co, 
Ltd. , HM122U, 100 thick) having a three layer structure 
was registered and adhered to the circuit tape at 300*'C for 
2 seconds with pressure of 150 kgf/cm^* In the adhering 
process, the film was stamped out into a designated shape 
using the long scale apparatus shown in Fig- 3, and the 
stamped film was adhered to the circuit tape continuously. 
Because the adhesive layer of the film was made of a 
thermoplastic resin, the unadhered portion of the adhesive 
layer still had a sufficient adhering force to the 
semiconductor element. 

The circuit tape with the film material was adhered to 
the semiconductor element at 300*'C for 10 minutes with a 
pressure of 100 kgf/cm^» Subsequently , connecting leads on 
the circuit tape were electrically connected to pads of the 
semiconductor element by single point bonding. The 
connecting portion was encapsulated with an epoxy 
encapsulant (made by Hokuriku Toryo Co,, Ltd, Chip coat 
8107). Finally, the semiconductor device shown in Fig. 6-1 
was obtained by fixing the solder balls, which served as 
connecting terminals with the mounting substrate, onto the 
circuit tape. 

The reflow characteristics and connection reliability 
of the lead and the solder bump of the obtained 
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semiconductor device were confirmed by the same method as 
the embodiment 1, 
(Embodiment 6) 

A thermoplastic polyimide film (made by Mitsui Toatsu 
Chemicals, Inc., Regulus PI-UAY, lOO /xm thick) was 
registered and adhered to the semiconductor element at 250*'C 
for 2 seconds with a pressure of 30 Jcgf/cm^, The film had a 
sufficient adhesive force to adhere to the circuit tape. 

The semiconductor element with the film material was 
adhered to the circuit tape at aso^'c for 10 minutes with a 
pressure of 20 kgf/cm^ Subsequently, connecting leads on 
the circuit tape were electrically connected to pads of the 
semiconductor element by wire bonding. The connecting 
portion was encapsulated with an epoxy encapsulant (made by 
Hokuriku Toryo Co., Ltd. chip coat 8107) • Finally, the 
semiconductor device shown in Fig. 6-2 was obtained by 
fixing the solder balls, which served as connecting 
terminals with the mounting substrate, onto the circuit 

r 

tape. 

The reflow characteristics and connection reliability 
of the lead and the solder bump of the obtained 
semiconductor device were confirmed by the same method as 
the embodiment 1. 
(Embodiment 7) 

A film material composed of a three layer structure 
having two different kinds of adhesive layers was obtained 
by applying a fluorine-containing polyimide (a reactant of 
hexafluorobisphenol af and bis (4-aminophenoxyphenyl) 
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hexaf luoropropane, glass transition temperature 260"c) onto 
one surface of a polyimide film (made by Ube Kosan Co. Ltd, ^ 
SGA, 50 thick) to a thickness of 50 m™/ and a 
polyetheretherketone (a reactant of dihydroxy-naphthalene 
5 and dif luorobenzophenoner glass transition temperature 

154**C) onto the other surface of the polyimide film to a 
thickness of 50 ixra* 

The obtained film material was registered and adhered 
to the circuit tape using the adhesive layer having a lower 

10 glass transition temperature. The adhesion condition was at 

200^C for one minute with a pressure of 30 kgf/cm^. Because 
the adhesive layer of the film was composed of a 
thermoplastic resin, the adhesive layer had a sufficient 
adhering force to adhere to the semiconduct:or element. The 

15 circuit tape with the film material was adhered to the 

semiconductor element at 300*C for ten seconds with a 
pressure of 80 kgf/cm^» Subsequently, connecting leads on 
the circuit tape were electrically connected to pads of the 
semiconductor element by gang bonding* The connecting 

20 portion was encapsulated with an epoxy encapsulant (made by 

Hokuriku Toryo Co, Ltd., Chip coat 8107). Finally, the 
semiconductor device shown in Fig. 6-3 was obtained by 
fixing the solder balls, which served as connecting 
terminals with the mounting substrate, onto the circuit 

25 tape. 

The reflow characteristics and connection reliability 
of the lead and the solder bump of the obtained 
semiconductor device were confirmed by the same method as 
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the embodiment 1. 
(Embodiment 8) 

A silicone adhesive agent (made by Shinetsu Chemical 
Co. Ltd., KE1820) was applied onto one surface of a silicone 
5 film (made by Toiray Dow Corning Silicone Co. Ltd., JCR6126, 

150 ^m thick, press-fabrication) to a thickness of 20 /xm. 
Then, the silicone film was registered and adhered to the 
circuit tape. The adhesion condition was at 150*C for one 
minute with a pressure of 30 kgf/cm^. Furthermore, in order 
10 to adhere to the semiconductor element, the silicone 

adhesive agent (made by Shinetsu Chemical Co. Ltd., KE1820) 
wais applied onto the other surface of the silicone film to a 
thickness of 20 ^m, and the circuit tape attached with the 
film material was adhered to the semiconductor element. . The 
15 adhesion condition was at 200'*C for 3 0 seconds with a 

pressure of 20 kgf/cm^- Subsequently, connecting leads on 
the circuit tape were electrically connected to pads of the 
semiconductor element by gang bonding. The connecting 
portion was encapsulated with a silicone encapsulant (made 
20 by Toray Dow Corning Silicone Co. Ltd., DA 6501). Finally, 

the semiconductor device shown in Fig. 8 was obtained by 
fixing the solder balls, which serve as connecting terminals 
with the mounting substrate, onto the circuit tape, 

The reflow characteristics and connection reliability 
25 of the lead and the solder bump of the obtained 

semiconductor device were confirmed by the same method as 
the embodiment 1. 
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(Eittbodiiaent 9) 

Porous polytetraf luoroethylene (made by Japan Gore-tex 
Inc*^ 190 thick), both surfaces of which were applied 
with BT resin (Bismaleimide-Triazine resin) , was registered 
and adhered to the circuit tape* The adhesion condition was 
at ISO'^C for one minute with a pressure of 30 kgf/cm^. 
Because the adhesive layer of the film was in a B stage 
condition (half-cured condition) ^ the adhesive layer had a 
sufficient adhering force to adhere to semiconductor 
element. The adhesion of the circuit tape with the film 
material to the semiconductor element was conducted at 200*^C 
for 2 minutes with a pressure of 70 kgf/cm^. Subsequently, 
connecting leads on the circuit tape were electrically 
connected to pads of the semiconductor element by gang 
bonding. The connecting portion was encapsulated with an 
epoxy encapsulant (made by Hitachi Chemical Co., Ltd. 
R021C) - Finally, the semiconductor device shown in Fig. 6-1 
was obtained by fixing the solder balls, which were 
connecting terminals with the mounting substrate, onto the 
circuit tape* 

The reflow characteristics and connection reliability 
of the lead and the solder bump of the obtained 
semiconductor device were confirmed by the same method as 
the embodiment i. 
(Embodiment 10) 

A sticky tape having a three layer structure (made by 
Teraoka Seisakusyo, Ltd., Tape No. 760, 145 fim thick, 
silicone adhesive agent was applied onto both surfaces of 
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Kapton- film (commercial name by Du Pont) ) was registered and 
adhered to the circuit tape at room temperature for 5 
seconds with a pressure of 50 kgf/cm^ In the adhering 
process, the film was stamped out into a designated shape 
5 using the long scale apparatus shown in Fig. 3, and the 

stamped film was adhered to the circuit tape continuously. 
Because the adhesive layer of the film was made of a sticky 
resin, the unadhered portion of the adhesive layer still had 
a sufficient adhering force to adhere to the semiconductor 

10 element. 

The circuit tape with the film material was adhered to 
the semiconductor element at room temperature for 10 seconds 
with a pressure of 5 Xgf/cm^. Subsequently, connecting leads 
on the circuit tape were electrically connected to pads of 

15 the semiconductor element by single point bonding. The 

connecting portion was encapsulated with a silicone 
encapsulant (made by Toshiba Silicone Co. Ltd- TSJ 3150) • 
Finally, the semiconductor device shown in Fig. 6-2 was 
obtained by fixing the solder balls, which serve as 

20 connecting terminals with the mounting substrate, onto the 

circuit tape. 

The reflow characteristics and connection reliability 
of the lead and the solder bump of the obtained 
semiconductor device were confirmed by the same method as 
25 the embodiment 1, 

(Embodiment xi) 

A cohesive tape having a three layer structure (150 fim 
thick, butadiene adhesive agent was applied onto both 
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surfaces of unwoven arajnide cloth (100 /im thick)) was 
registered and adhered between semiconductor and circuit 
tape at room temperature for 5 seconds with a pressure of 50 
kgf/cm^. Under the above condition, some correction of the 
5 registration was possible, because the adhesive layer was 

still in a cohesive condition- Then, the adhesive layer of 
the film was cured at ISO'^C for €0 minutes in a constant 
temperature bath to form a connecting state having a three 
dimensional crosslinking structure, because the adhesive 
10 layer was made of a cohesive resin. 

Subsequently, connecting leads on the circuit tape were 
electrically connected to pads of the semiconductor element 
by single point bonding. The connecting portion was 
encapsulated with a silicone encapsulant (made by Toshiba 
15 Silicone Co., Ltd* TSJ 3150), Finally, the semiconductor 

device shown in "Fig. 6-3 was obtained by fixing the solder 
balls, which serve as connecting terminals with the mounting 
substrate, onto the circuit tape. 

The reflow characteristics and connection reliability 
20 of the lead and the solder bump of the obtained 

semiconductor device were confirmed by the same method 
as the embodiment 1. 
( Embodiment 12) 

A polyamic acid was prepared by reacting an equivalent 
25 of benzophenone tetracarboxylic acid dianhydride (made by 

Wako Pure Chemicals) and bis (4 (2-aminophenoxyphenyl) ether) 
(synthetic chemical) at 5°C in dimethylacetamide. Then, the 
reactant was heated at 250**C to obtain polyimide. The 
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obtained polyimide 100 g was mixed with 4, 4 • -glycidyl-3 , 3 • ^ 
5^5'-tetrainethyXbiphenylether (iriade by YuKa Shell) 19,5 g, 
phenol novolac {made by Meiwa Kasei) 10.6 and 
triphenylphosphate (made by WaKo Pure Chemicals) 0.2 g as a 
catalyst in diiuethylacetamide to obtain a varnish containing 
a non-volatile component of 20% by weight, A film lOO ^m 
thick was prepared with the obtained varnish. 

The prepared film was registered and adhered to the 
circuit tape. The adhesion condition was at 170^ c for ten 
seconds with a pressure of 30 kgf/cm^- Under the above 
conditions, the unadhered portion of the adhesive layer had 
a sufficient adhering force to adhere with semiconductor 
element. The adhesion of the circuit tape with the film 
material to the semiconductor element was conducted at 200*c 
for one minute with a pressure of 30 Jcgf/cm^. Subsequently, 
a post-curing was performed at 200°c for 60 minutes in a 
constant temperature bath. Then, connecting leads on the 
circuit tape were electrically connected to pads of the 
semiconductor element by gang bonding. The connecting 
PC>rtion was encapsulated with an epoxy encapsulant (made by 
Hitachi Chemical Co., Ltd. RC021C) • Finally, the 
semiconductor device shown in Fig. 6-2 was obtained by 
fixing the solder balls, which serve as connecting terminals 
with the mounting substrate, onto the circuit tape. 

The reflow characteristics and connection reliability 
of the lead and the solder bump of the obtained 
semiconductor device were confirmed by the same method as 
the embodiment 1, 
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(Embodiment 13) 

A film having a three layer structure was prepared by 
applying the varnish obtained in the embodiment 12 onto the 
one surface of polyimide film (made by Ube Kosan Co. Ltd*, 
5 SGA, 50 ^xm thick) to a thickness of 20 fxm (thermosetting 

resin component), and the fluorine-containing polyimide, 
i.e. the varnish prepared in the embodiment 7, (the reactant 
of hexafluorobisphenol AF and bis (4-aminophenoxyphenyl) 
hexafluoropropane, with a glass transition temperature of 
10 2 60°C) was applied onto the other surface of the polyimide 

film to a thickness of 10 fim (thermoplastic resin 
component) . The film was registered and adhered to the 
circuit tape at the surface where the thermosetting resin 
component was applied. The adhesion condition was at ITO^c 
15 for 10 seconds with a pressure of 30 kgf/cm\ Then, a 

post-curing was performed at 200'c for 60 minutes in a 
constant temperature bath- Subsequently, the semiconductor 
element was adhered to the surface where the thermoplastic 
resin component was applied. The adhesion condition was at 
20 350**C for 2 seconds with a pressure of 80 kgf/cm^. Then, 

connecting leads on the circuit tape were electrically 
connected to pads of the semiconductor element by gang 
bonding. The connecting portion was encapsulated with an 
epoxy encapsulant (made by Hokuriku Toryo chip coat 8107), 
i5 Finally, the semiconductor device shown in Fig, 6-2 was 

obtained by fixing the solder balls, which serve as 
connecting terminals with the mounting substrate, onto the 
circuit tape. 
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The reflow characteristics and connection reliability 
of the lead and the solder bump of the obtained 
semiconductor device were confirmed .by the same method as 
the embodiment 1, 
(Comparative example l) 

An elastomer of 150 m thickness was formed by 
registering silicone resin (made by Toray Dow Corning 
Silicone Co. Ltd*, JCR 6126) with the circuit tape and 
printing using metal masks. After the formation, 
post-curing was performed at I50*c for 60 minutes in a 
constant temperature bath. Then, the flatness of the 
elastomer was determined using a laser film thickness 
measuring apparatus. A silicone adhesive agent (made by 
Sinetsu Chemical Co, Ltd,, KE 1820) was applied onto the 
surface of the elastomer a thickness of 20 as an adhesive 
layer for causing the semiconductor element to adhere to the 
circuit tape having the elastomer, and the circuit tape was 
registered and adhered to the semiconductor element. The 
adhesion was carried out at 150**c for one minute with a 
pressure of 30 kgf/cm^. Then, connecting leads on the 
circuit tape were electrically connected to pads of the 
semiconductor element by gang bonding. The connecting 
portion was encapsulated with a silicone encapsulant (made 
by Toshiba Silicone, TSJ 3150). Finally, the semiconductor 
device shown in Fig. 6-1 was obtained by fixing the solder 
balls, which serve as connecting terminals with the mounting 
substrate, onto the circuit tape. 

The reflow characteristics and connection reliability 
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Of the lead and the solder bump of the obtained 
semiconductor device were confirmed by the same method 
as the embodiment 1. 
(Comparative example 2) 
5 A film having a three layer structure was prepared by 

applying a thermoplastic resin (polyamide 12, m.p. 175*C) 
having a melting point equal to or lower than 200*^0 onto 
both surfaces of a polyimide film (made by Ube Kosan co. 
Ltd., SGA, 50 Mm thick) as adhesive layers (30 fxm thick). 
10 The film having the three layer structure was used to 

prepare a semiconductor device using the same method as the 
embodiment 1^ and the reflow characteristics and connection 
reliability of the lead and the solder bump of the obtained 
semiconductor device were confirmed by the same method as 
15 the embodiment 1. 

(Comparative example 3) 

A film having a three layer structure was prepared by 
applying an epoxy resin (made by Hitachi Chemical Co. ^ Ltd*, 
R021C) having a high modulus of elasticity at room 
20 temperature onto both surfaces of a polyimide film (made by 

Ube Kosan Co. Ltd., SGA) as adhesive layers (20 ^m thick). 
The film haying the three layer structure was used to 
prepare a semiconductor device by the same method as the 
embodiment 1, and the reflow characteristics and connection 
25 reliability of the lead and the solder bump of the obtained 

semiconductor device were confirmed by the same method 
as the embodiment i , 
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*; Embodiment , Comparative example. 
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Flatness of the elastomer: High and low difference of 
comparative example 1 was 50 to thickness of 150 and 
all other samples within 5^in. 

Reflow test condition: Pretreatment ; 85*C/85% RH, 48 
5 hours. Water absorption 240°C x 3 times, Infrared oven. 

In accordance with the present invention, a 
semiconductor device is provided, wherein tape material 
having a circuit layer and a semiconductor element are 
electrically connected, an external terminal for effecting 
10 electrical connection with the mounting substrate is 

provided on the circuit tape, and a film material is used as 
the material for bonding the circuit tape and the 
semiconductor element in an insulating manner, resulting in 
a semiconductor device which is superior in anti-reflow 
15 property due to the use of the film material for the 

adhesion, of which the modulus of elasticity in the reflow 
temperature range is at least 1 MPa, A manufacturing method 
is also provided which is superior in mass productivity by 
using a film material at a portion for buffering thermal 
20 stress generated by a difference in thermal expansion of the 

semiconductor element and the mounting substrate. 

The film material is superior in flatness, and a high 
and low difference within 5 /im can be ensured for a 
thickness of X50 ^v\, and so a manufacturing method which is 
35 superior in workability can be provided. In accordance with 

the stress buffering effect of the film material, the 
connection reliability of both the lead portion which 
electrically connects the circuit tape and the semiconductor 
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element, anca the bump which electrically connects the 
semiconductor device and the mounting substrate can be 
satisfied simultaneously in a temperature cycling test. 
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